Backgrounds. Both pretreatment serum CRP (C-reactive protein) level and ALB (albumin) level have been found to be predictive of survival for multiple malignancies including sarcoma. Since both of the GPS (Glasgow prognostic score) and CAR (C-reactive protein to albumin ratio) are based on the combination of CRP and ALB, we conducted a meta-analysis to evaluate the prognostic role of these two parameters for sarcoma patients. Methods. A detailed literature search was conducted in MEDLINE, Embase, and Cochrane Library for relevant research publications written in English. Patients' clinical characteristics, outcomes of overall survival (OS), disease-specific survival (DSS), and disease-free survival (DFS) were extracted. Pooled hazard ratios (HRs) and corresponding 95% confidence intervals (CIs) were combined to evaluate the prognostic role of GPS or CAR. Results. Twelve articles containing 2695 patients were identified as eligible studies. The results showed that an elevated GPS was significantly correlated with poor OS (HR = 2:42; 95% CI: 1.98-2.94; p < 0:001; fixed-effects model), DSS (HR = 2:28; 95% CI: 1.75-2.97; p < 0:001; fixed-effects model), and DFS (HR = 2:05; 95% CI: 1.62-2.60; p < 0:001; fixed-effects model). A higher CAR also was shown to be significantly correlated with poor OS (HR = 2:23; 95% CI: 1.70-2.92; p < 0:001; fixed-effects model) and DFS (HR = 1:81; 95% CI: 1.7-2.58; p = 0:001; fixed-effects model). Conclusion. An elevated GPS is predictive of poor survival in patients with sarcomas and is promising to be used as a factor for risk stratification. A higher CAR value is also predictive of poor survival; however, the optimal CAR cut-off value is still to be determined.
Introduction
Sarcoma represents a heterogeneous group of mesenchymal malignancies that arise from soft tissue or bone, with diverse subtypes and varying degrees of aggressiveness [1, 2] . It accounts for nearly 21% of all paediatric solid malignancies and 1% of all adult solid malignancies [2, 3] . Traditional prognostic factors such as pathological grade, tumor size, tumor depth, or surgical margins have been used for risk stratification, but fail to accurately predict disease recurrence or survival [4] . About 50% of sarcoma patients with adequate local control develop distant metastases [4] . Even with the recent development of several novel chemotherapeutics, the prognosis of metastatic sarcoma remains poor [3] . New parameters are still needed to further improve the risk stratification of sarcoma.
Increasing evidence has revealed that cancer-associated systemic inflammation and malnutrition can affect the prognosis of patients with malignancies [5] [6] [7] [8] . It is difficult to separate inflammation and nutrition status clearly. Inflammation impairs nutritional status by decreasing food intake and impairing micronutrient absorption, and malnutrition also increases the risk and severity of inflammation [9, 10] .
The inflammation marker CRP (C-reactive protein) and nutrition marker ALB (albumin) are widely used and cheap clinical parameters. Both of them have been found to be predictive of survival in cancer patients [11] [12] [13] [14] . The Glasgow prognostic score (GPS), which was developed based on the combination of CRP and ALB, is considered to reflect both inflammation and nutrition status [15] [16] [17] . Recently, numerous studies have revealed that a high level of the GPS is significantly correlated with poor survival outcome in multiple types of cancers [18] [19] [20] [21] [22] [23] [24] [25] . Other than the GPS, the CAR (C-reactive protein to albumin ratio) is another parameter based on CRP and ALB. Many researches have also found that a high CRP/ALB ratio is an independent prognostic marker for cancer patients [26] [27] [28] [29] .
The prognostic significance of GPS and CAR has also been investigated in sarcoma patients, and controversial results have also been reported [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] . To our knowledge, no system review or meta-analysis has been conducted on this subject for sarcoma. In the present study, we conducted a meta-analysis and combined the results of relevant studies to evaluate the prognostic role of GPS and CAR in patients with sarcoma. The results showed that both the elevated GPS and higher CAR are significantly correlated with poor survival in sarcoma patients separately.
Materials and Methods

Search Strategy.
The search was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. An electronic search of the following databases was undertaken: MEDLINE (from 1946 to December 2019), Embase (from 1974 to December 2019), and Cochrane Library (from 1990 to December 2019). The latest search was performed on December 17, 2019. Different combinations of keywords "Glasgow prognostic score" or "GPS," "C-reactive protein to albumin ratio" or "CAR," "C-reactive protein" or "CRP," "Albumin" or "ALB," and "sarcoma" were used for the preliminary search. Since OVIDsp (http://ovidsp.dc2.ovid.com/) contains both Embase and MEDLINE databases, we used OVIDsp to search these two databases together. Full search strategy of Embase and MEDLINE using OVIDsp is provided in Appendix A, and full search strategy of Cochrane Library is provided in Appendix B. At the same time, relevant studies were also identified by a manual search of references of initially identified articles. Nonhuman study or non-English articles were excluded. Two investigators reviewed the titles and abstracts identified in the search.
Study Inclusion/Exclusion
Criteria. Studies were considered eligible if they met all of the following inclusion criteria: (1) studies conducted on patients with sarcoma; (2) studies that investigated the prognostic value of pretreatment GPS or CAR for overall survival (OS), disease-specific survival DSS (DSS), or disease-free survival (DFS; the event-free survival, recurrence-free survival, and progression-free survival are treated as DFS); (3) studies that provided hazard ratios (HRs) along with their 95% CIs (confidence intervals) by either univariate or multivariate survival analysis; and (4) case-control studies, cohort studies, or randomized controlled trials. Studies were excluded based on any of the following exclusion criteria: (1) literature published as case reports, letters, editorials, abstracts, reviews, or expert opinions; (2) studies not based on human patients; and (3) studies focused on tumors that are not within the scope of sarcomas. When the same patient population was involved in two or more studies, only the last or complete study was chosen.
2.3. Data Extraction. Eligible publications were reviewed independently by two investigators (E.F. and X.W.). The data extraction was performed by two investigators (E.F. and X.W.). Disagreements were resolved by consulting the senior reviewer (X.Z.). A standardized data collection form was defined previously with the following items: first author, year of publication, study design, country of origin, sample size, histology type, metastasis case numbers, follow-up period, HR estimates with corresponding 95% CIs, and covariates for adjustment. HRs calculated from multivariate analyses were extracted preferentially where available. Otherwise, HRs calculated from univariate analyses were extracted. OS was the primary outcome of interest. DSS and DFS were secondary outcomes.
2.4. Assessment of Quality. Two reviewers independently assessed the risk of bias for each study. The NewcastleOttawa Quality Assessment Scale (NOS) was applied to assess the qualities of cohort studies. A study with NOS > 7 was regarded as a high-quality study [43] . The tool of ROBINS-I (Risk Of Bias In Nonrandomized Studies of Interventions) was also applied to assess the risk of bias of the included studies [44] . The ROBINS-I tool contains five levels of bias judgment: low, moderate, serious, critical, and no information [44] . Since the GPS and CAR value are both inflammation-based factors, we treat the concomitant conditions (for example, infectious diseases or anti-inflammatory drug treatment) that could possibly affect the system inflammation status of the patients as the most import confounder in the bias assessment by ROBINS-I. Another important confounder is the treatment option received by the patients since different treatment methods might affect the survival outcome. According to the ROBINS-I guidance, the most nonrandomized study will be judged at least at moderate overall risk of bias [44] . Since all the included studies are nonrandomized respective cohort studies, we use a relatively less strict standard and the studies with only critical risk of bias will be excluded in the meta-analysis.
2.5. Statistical Analysis. Statistical analysis was carried out using the STATA statistical software package version 15.0 (Stata Corporation, College Station, TX). Combined HRs and Forrest plots were used to estimate the prognostic role of GPS and CAR in sarcoma patients. For studies that reported HRs for GPS 1 and GPS 2 separately, we combined these 2 groups into a single group and calculated a combined HR to analyze the prognostic role of the overall elevated GPS as previously reported [45] . The Cochrane Q test (p < 0:05 indicated a high level of heterogeneity) and I 2 (values of 25%, 50%, and 75% corresponding to low, moderate, and high degrees of heterogeneity, respectively) were used to evaluate the heterogeneity between eligible studies. When homogeneity was good, a fixed-effects model was used. When heterogeneity was high, a random-effects model was used 2 Disease Markers [46] . An observed HR > 1 indicated worse outcome for an elevated GPS or higher CAR level. Begg's test and Egger's test on the asymmetry of a funnel plot were performed to test any existing publication bias. If the evidence of publication bias was found, a trim and fill method will be adopted to check and revise the combined HRs [47] . If heterogeneity was found between included studies, metaregression analyses or subgroup analyses will be performed to investigate the sources of heterogeneity if available [48] . All statistical tests were two-tailed, and p < 0:05 was considered statistically significant.
Results
Search Results.
The literature search flow chart is shown in Figure 1 . Two thousand one hundred and sixty-five records in total were found in the initial search of the three databases, and 420 duplicate articles were deleted after duplicate checking. Nonhuman researches and non-English articles were also removed. One thousand two hundred and fifty-two records were left for title and abstract screening. During the title and abstract screening process, only 6 studies were considered to be with controversy, and the full texts of those controversial records were reviewed to assess the eligibility. Finally, 41 articles (kappa = 0:919, p < 0:001) were regarded as potentially relevant articles for a full-text review. Twenty-eight articles were removed due to lack of applicable survival data for the GPS or CAR. While almost all the eligible studies used GPS 0 as the reference group, one study used GPS 2 as the reference group [42] . This exceptional study was excluded because the data cannot be adequately transformed. Finally, 12 eligible studies with 2695 patients were included in this meta-analysis [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] . There is no disagreement among the two investigators during the data extraction process.
The Characteristics of the Included Studies.
Twelve studies from 2016 to 2019 investigating the prognostic role of the GPS or CAR for sarcoma patients were included, with 2695 patients. The main features of the 12 included studies are summarized in Table 1 . In short, four studies were conducted in Europe (1 in UK and 3 in Denmark) [30, 32, 35, 40] , while the other eight were in Asia (6 in China and 2 in Japan) [31, 33, 34, [36] [37] [38] [39] [40] [41] . The sample size ranged from 83 to 888, while the follow-up time ranged from 20.3 months to 19 years. All the 12 included studies were retrospectively designed. Five studies focused on bone sarcoma patients [30, 31, 33, 34, 41] , another five focused on soft tissue sarcoma patients [35] [36] [37] [38] [39] , and the other two focused on both bone and soft tissue sarcoma patients [32, 40] . Five of the 12 included studies declared that patients with medical conditions known to affect systemic inflammation status were excluded [31, 33, 34, 36, 38] . According to the Newcastle-Ottawa Scale criteria, all 12 articles were rated as high quality (Table 1) . However, since all the included studies are nonrandomized cohort studies, six of the studies are judged as at moderate overall risk of bias, and another six are judged as at serious overall risk of bias ( Table 2 ). The main cause of the bias in the included studies was either not appropriately adjusted for concomitant inflammation conditions or not appropriately adjusted for treatment options. Survival outcomes of the included studies are summarized in Table 3 . Eleven studies investigated the prognostic value of GPS for sarcoma patients. Seven of them reported the prognostic role of GPS for OS [30, 31, 33, 34, 36, 38, 39] , four of them reported the prognostic role of GPS for DSS [30, 32, 35, 40] , and another four reported the prognostic role of GPS for DFS [32, [36] [37] [38] . Nine of the eleven studies evaluated traditional GPS, one [32] evaluated mGPS (modified GPS), two [36, 37] evaluated Hs-mGPS (high sensitive modified GPS), and the other one [38] evaluated both traditional GPS and mGPS.
Four studies investigated the prognostic role of CAR for sarcoma patients [33, 34, 36, 41] . All of the four reported the prognostic role of CAR for OS [33, 34, 36, 41] , and only two of them reported the prognostic role of CAR for DFS [36, 41] . No study has reported the prognostic role of CAR for DSS.
Prognostic Role of GPS.
Seven studies with 1146 patients investigated the prognostic role of GPS for OS [30, 31, 33, 34, 36, 38, 39] , and only two of them reported multivariateadjusted HRs and 95% CIs [30, 31] . There was no significant heterogeneity among these studies (I 2 = 0:0%, p = 0:480).
The fixed-effects model revealed that the elevated GPS (both score 1 and score 2) was significantly correlated with poor OS (HR = 2:42; 95% CI: 1.98-2.94; p < 0:001) ( Figure 2 ). Sensitivity analysis revealed that the combined HR is stable after excluding each one of the included studies ( Figure 3 ). Subgroup analysis was conducted based on different histology subtypes, multivariate or univariate analysis, patients' ethnicity, inflammation diseases excluded or not, sample sizes, GPS subtype, and metastasis status. The results showed that the elevated GPS was firmly correlated with poor OS among these different subgroups. The details of the subgroup analyses are shown in Table 4 .
Four studies with 1436 patients investigated the prognostic role of GPS for DSS [30, 32, 35, 40] , and all of them reported multivariate-adjusted HRs and 95% CIs. The fixed-effects model revealed that the elevated GPS was significantly correlated with poor DSS (HR = 2:28; 95% CI: 1.75-2.97; p < 0:001), with no significant heterogeneity (I 2 = 27:8%, p = 0:245) (Figure 4) . After excluding the one study which investigated mGPS, the results showed that the elevated GPS was still significantly correlated with poor DSS (HR = 2:44; 95% CI: 1.75-3.40; p < 0:001); however, a moderate level of heterogeneity was identified (I 2 = 46:4%%, p = 0:155). Since the HRs and their 95% CIs used for combination are all covariate-adjusted, this result suggested that the elevated GPS is an independent prognostic indicator for DSS in patients with sarcoma.
Four studies with 684 patients evaluated the prognostic role of GPS for DFS, and only one of them reported covariate-adjusted HR [32, [36] [37] [38] . Two of the included studies evaluated the Hs-mGPS. One study evaluated the mGPS. Another one study evaluated both the GPS and mGPS, and only the survival outcome of the mGPS was included in the meta-analysis. Since no heterogeneity 3 Disease Markers (I 2 = 2:4%, p = 0:380) was detected, a fixed-effects model was adopted. The results revealed that the elevated GPS was significantly correlated with poor DFS (HR = 2:05; 95% CI: 1.62-2.60; p < 0:001) ( Figure 5 ). Subgroup analysis revealed that both the elevated GPS and mGPS were significantly correlated with poor DFS (HR = 2:04 and HR = 2:06, respectively), although a moderate level of heterogeneity (I 2 = 60:4%, p = 0:112) was found among mGPS of the two studies investigated ( Figure 5 ).
Prognostic Role of CAR.
Four studies with 627 patients evaluated the prognostic role of CAR for OS, and all of them reported multivariate-adjusted HRs [33, 34, 36, 41] . The fixed-effects model revealed that a higher CAR value was significantly correlated with poor OS (HR = 2:23; 95% CI: 1.70-2.92; p < 0:001), with no significant heterogeneity (I 2 = 0:0%, p = 0:947) ( Figure 6 ). Two studies with 289 patients evaluated the prognostic role of CAR for DFS, and all of them reported multivariateadjusted HRs [36, 41] . The fixed-effects model revealed that higher a CAR value was significantly correlated with poor DFS (HR = 1:81; 95% CI: 1.7-2.58; p = 0:001), with no significant heterogeneity (I 2 = 0:0%, p = 0:777) (Figure 7 ).
Publication Bias.
Begg's test and Egger's test both showed no evidence of significant publication bias (p = 1:000 and p = 0:586, respectively) when evaluating the prognostic role of GPS for OS (Figure 8(a) ). Begg's test and Egger's test both showed no evidence of significant publication bias (p = 0:734 and p = 0:481, respectively) when evaluating the prognostic role of GPS for DSS (Figure 8(b) ). Begg's test and Egger's test both showed no evidence of significant publication bias (p = 1:000 and p = 0:274, respectively) when evaluating the prognostic role of GPS for PFS (Figure 8(c) ). Begg's test and Egger's test both showed no evidence of significant publication bias (p = 1:000 and p = 0:631, respectively) when evaluating the prognostic role of CAR for OS (Figure 8(d) ).
Discussion
Although local condition could be controlled by surgical treatment and adjuvant radiotherapy, about 50% of sarcoma patients with adequate local control develop distant metastases and ultimately die from their disease [4] . Recently, it also has been shown that surgical margins are not predictive of local recurrence and survival in high-grade myxofibrosarcoma [49, 50] . This indicates that the inherent invasive characteristics of the malignancy itself might be more import when it comes to relapse or not. Increasing evidence has revealed that cancer-associated systemic inflammation and malnutrition affect the prognosis of cancer patients [5] [6] [7] [8] . Since a high-CRP level and a low-ALB level both have been found to be associated with poor survival in cancer patients 6 Disease Markers [11] [12] [13] [14] , they might represent an aggressive propensity of the cancer and thus might serve as a factor for risk stratification. More interestingly, a study revealed that the high level of serum CRP was significantly correlated with PD-L1 (programmed death-ligand 1) positivity in patients with non-small-cell lung cancer [13] . Several studies have also discovered that PD-L1 is expressed in about 30-40% of some subtypes of sarcomas [51, 52] . Thus, elevated CRP levels might also represent PD-L1 positivity in malignancies including sarcomas. The GPS was first described by Forrest et al. [15] and found to have a comparable prognostic value to the conventional combination of stage and performance status in patients with inoperable non-small-cell lung cancer. The traditional GPS is derived by allocating one point each for elevated CRP (>10 mg/L) and hypoalbuminemia (serum albumin < 35 g/L), so that patients with both, one, or none of these conditions would have a score of 2, 1, or 0, respectively [15] . For the modified GPS (mGPS), patients with hypoalbuminemia were assigned a score of 0 in the absence of an elevated C-reactive protein [17, 32, 38] . For the highsensitivity modified GPS (Hs-mGPS), 3 mg/L (rather than 10 mg/L) is used as the CRP cut-off value [36, 37, 42] . Numerous studies have revealed that an elevated GPS, mGPS, or Hs-mGPS is significantly correlated with poor survival outcome in multiple types of malignancies including sarcoma [17-25, 32, 36-38, 42] .
Disease Markers
The results of the present study revealed that the elevated GPS is significantly correlated with OS, DSS, and DFS in sarcoma patients. Moreover, the results indicated that the GPS: Glasgow prognostic score; mGPS: modified GPS; Hs-mGPS: high sensitive modified GPS; CAR: C-reactive protein to albumin ratio; OS: overall survival; DSS: disease-specific survival; DFS: disease-free survival; RFS: recurrence-free survival; EFS: event-free survival; PFS: progression-free survival; HR: hazard ratio; CI: confidence interval; CRP: C-reactive protein; NLR: neutrophil to lymphocyte ratio; PLR: platelet to lymphocyte ratio; LMR: lymphocyte to monocyte ratio; ALB: albumin; WCC: white cell counts; UICC: Union for International Cancer Control; ECOG PS: Eastern Cooperative Oncology Group performance status. a These studies reported HRs for GPS 1 and GPS 2 separately. We combined these 2 groups and calculated a combined HR for the overall elevated GPS. 7 Disease Markers elevated GPS is an independent prognostic factor for DSS since all the HRs used for combination are covariateadjusted. It has to be noted that several of the included studies have chosen the mGPS or Hs-mGPS as the investigated parameters [32, [36] [37] [38] . However, it does not seem to matter which of the three GPS subtypes was used since no heterogeneity was detected among the included studies. In evaluating the prognostic role of GPS for PFS, two studies used mGPS and another two used Hs-mGPS; the results of the meta-analysis still revealed that the elevated GPS was significantly correlated with poor DFS (HR = 2:05; 95% CI: 1.62-2.60; p < 0:001) with no significant heterogeneity. These results suggest that the GPS might be a promising factor that could be used for risk stratification. It also has to be mentioned that one study [38] has investigated both the GPS and mGPS and came into a negative conclusion for the GPS in the multivariate analysis model. However, this study also has revealed that the elevated GPS or mGPS is significantly correlated with poor OS or PFS in the univariate analysis model. We think that one reason responsible for this discrepancy is that this study used the GPS and mGPS as a covariate for each other in the multivariate model.
The CAR is simply the ratio of the CRP level to the ALB level. The results of the present study also revealed that a Figure 2: The forest plot about the association between elevated GPS and OS. The pooled effect was calculated using a fixed-effects model. 
higher CAR is significantly correlated with OS and DFS for sarcoma patients. The Higher CAR is an independent prognostic factor for OS and DFS since all the HRs used for combination are covariate-adjusted. However, it has to be noted that the cut-off value for the CAR varies among the 4 included studies, ranging from 0.1035 to 1.5. The There are some limitations in the present study as follows.
First, this study is not yet successfully registered online. Actually, we have submitted the registration of this study on PROSPERO at the beginning of this study; however, the registration record is still being assessed by the editorial team when this manuscript is submitted. Nevertheless, to our knowledge, this meta-analysis is the first to evaluate the prognostic role of GPS or CAR for sarcoma. Our systemic literature search identified no systemic review or meta-analysis on this subject, either for the GPS or for the CAR.
Second, only a small number of studies were included in this meta-analysis, and all of them were nonrandomized retrospective cohort studies. The ROBINS-I bias assessments revealed that six of the included studies were regarded as with serious overall risk of bias. Only six of the included studies reported that patients with concomitant inflammatory conditions were excluded from their study. Since the GPS and CAR value are both inflammation-based factors, it would be better to exclude those patients with concomitant inflammatory conditions. Different treatment options Figure 6 : Forest plot showing the association between elevated CAR and OS in patients with sarcoma. The pooled effect was calculated using a fixed-effects model.
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Disease Markers may also affect the survival outcome of the patients. For example, one study reported that the baseline CRP level did not predict poor clinical outcome in STS patients receiving neoadjuvant radiotherapy [53] . Neoadjuvant radiotherapy may have improved the outcome of those STS patients with an elevated CRP level; so on the contrary, patients with elevated CRP at diagnosis may be good candidates for neoadjuvant radiotherapy [53] . The GPS may also serve a similar function as the CRP, so it would be better for the studies to perform the survival analysis adjusted for different treatment methods received by the patients. Third, sarcomas represent a heterogeneous group of tumors including multiple subtypes probably with different status of inflammation and malnutrition. It would be better 11 Disease Markers to analyze sarcoma based on different histology subtypes. Since most of the included studies involved multiple histology subtypes, we could not conduct subgroup analyses for each of the histology subtypes.
Fourth, several of the included studies reported the modified GPS instead of the traditional GPS. Although no severe heterogeneity was detected among the included studies, it would be better for future studies to find out which one of the GPS subtypes is optimal to be used as a risk factor for sarcoma.
Finally, although no significant heterogeneity was detected when conducting the overall meta-analysis, some degree of heterogeneity was still identified on the subgroup analyses. In fact, the different histology subtypes of the sarcoma and different GPS subtype all suggest an inherent heterogeneity among the included studies. The metastasis status of the tumor may also contribute to the heterogeneity. A previous study also found that higher proportion of metastatic STS patients had an elevated serum CRP level than that of patients without metastasis [14, 21] . Due to a small number of included studies, we could not perform specific subgroup analysis based on different histology subtypes, different metastatic status, and different GPS subtypes.
Considering the above-mentioned drawbacks, we recommend future studies to focus on a specific histology subtype of sarcoma, specific type of GPS, different metastatic status of the tumor, and different treatment methods received by the patients if available. Well-designed large-scale prospective researches are warranted to confirm the independent prognostic role of GPS for the survival of sarcoma patients. Fundamental researches are also required to elucidate the hidden mechanism of sarcoma-associated inflammation responses and malnutrition.
Conclusions
The present study revealed that both the GPS and CAR are predictive of survival in patients with sarcoma. The elevated GPS is an independent prognostic factor for DSS in sarcoma patients and might serve as a factor for risk stratification. Although CAR is also predictive of survival for sarcoma patients, the inconsistency and uncertainty of its cut-off values hold back its use in clinical practice at least before the optimal cut-off value is confirmed.
Data Availability
The data supporting this study are from previously reported articles, which have been cited as references. The processed data are available in Table 3 of this article.
